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ABSTRACT 


Experimental and analytical bases for the determination of the 
variation in the return coefficient (or reflector effect) with height 
along the MIT Lattice Facility core are presented. The return coeffi- 
cient is found to increase approximately exponentially with height along 
the core, and is very nearly equal to unity at a distance ~50.3 inches 
above the lattice tank bottom, 

The variation of the return coefficient prompted an investigation 
of the variation in the activities of the outer-most foils of a radial 
buckling measurement with height. The relative activities of the outer- 
most foils were found to increase with height. This effect rapidly died 
out as foils further from the core edge were considered however, And, 
since the two end foils are dropped in all radial buckling measurements 
performed at MIT, the effect of the relative activity increase on & 


is non-consequential. 


Thesis Supervisor: Dr. D. D. Lanning 
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CHAPTER I 


INTRODUCTION 


i The MIT Heavy Water Lattice Facility 


Under the sponsorship of the United States Atomic Energy Commission, 
the Nuclear Engineering Department of MIT is conducting a research program 
on the physics of lattices of slightly enriched uranium rods in heavy 
water. Several reports describing the results of investigations associated 
with this project have been published (Bl, D2, Hl, H2, Ml, M2, Pl, P2, Sl, 
W2, and W3). 

It is of interest, however, to describe briefly that portion of the 
lattice facility pertinent to the following report. A more detailed 
description of its construction may be found in reference (Ml). For this 
discussion, attention is directed to Figs. 1.1A and 1.1B. 

The subcritical lattice facility consists of two concentric aluminum 
tanks, the outer tank being 72 inches in diameter and is stationary while 
the inner tank is of variable size, and is presently 36 inches in diameter. 
The tanks are 67 inches in height. The fuel rods are slightly enriched 
uranium and the moderator is D0. The MIT reactor is utilized as the 
source of neutrons for the assembly, The neutrons traverse a thermal 
column of reactor grade graphite (52 inches long, 63 inches x 63 inches), 
are reflected within the graphite lined cavity, or hohlraum (72 inches 
x 60 inches), and then enter the lattice tank through its bottom. The 
shape of the flux distribtution entering the assembly closely resembles 


that of the zeroth order Bessel function (ML). That this source is 
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virtually purely thermal has been shown by Palmedo (Pl), who obtained 
cadmium ratios of 1000 to 3000 with gold foils in pure moderator. 

The inner tank of the lattice, which contains the core, is covered 
by a 0.020 inch cadmium cover, This cover is held flush with the tank 
by means of two stainless steel bands which are separated by a vertical 
distance of 53-13/16 inches. The cadmium cover serves the purpose of 
preventing thermal neutrons from being reflected back into the tank. 

During the period within which this investigation was made (Nov- 
ember 196); to January 1965), the MIT reactor operated at a power of 
(1.95 4+ 0.02) MW. This operating power level gave a thermal flux of 
approximately 5 x 107 neutrons per em“/sec. at the bottom of the lattice 


tank, 


1.2 History and Purpose of Work 


The concept of room return has been of interest to those engaged in 
work on the MIT Heavy Water Lattice Project since its inception in 1959, 
Experimental evidence has indicated that lattice measurements can be made 
by considering the assembly as bare, i.e. unreflected. However, this 
consideration will be inaccurate in the absolute sense if there is any 
scattering back of neutrons from the surrounding shielding. 

The possibility of the existence of such a neutron return into the 
MIT lattice, and the further possibility that this return might cause 
perturbation of the a distribution prompted the theoretical investigation 
of Palmedo, et al (Pl). To summarize this work, the authors considered 
placing a solution of B,0O, in H,O between the inner and outer tanks of 


on 2 


the lattice facility, The results, as were to be expected, indicated 
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that only the thermal component of the reflected spectrum could be 
eliminated, and even this required very high concentrations of boron in 
the water (about 90 grams/liter). Furthermore, because of the efficient 
reflection of fast neutrons by the water, even at this high boron concen- 
tration, the experimental points recorded would not correspond to those 
of a bare system, Thus, not only would this method not have produced the 
desired result of eliminating the neutron return but, in addition, the 
solution would 


possible contamination of the D.O moderator by this B 


2 2°53 
be an ever present problem, Consequently, the solution as initially 
reported in the Lattice Project's First Annual Progress Report (Tl), that 
is, wrapping the inner tank (the core) of the assembly with 0.020 inch 
thick cadmium, has been used. Although the latter scheme is cleaner, it 
is still only a partial solution to the problem since fast neutron re- 
flection will not be eliminated by the cadmium and, hence, may cause a 
perturbation of the neutron flux distribution near the outer edge of 

the inner tank. 

This concern over the possible existence of a reflected neutron 
current is not peculiar to MIT. The need for a correction due to this 
phenomenon has been recognized by several facilities. For example, 

Girard et al(Gl), in their paper presented to the Second Geneva Conference, 
talk of "reflector coefficients" for France's Aquilon. They observed this 
reflector effect to be of the order of 3 per cent and to be practically 
the same for all measurements carried out with the same reference lat- 
tice. Dessauer (Dl), in a similar paper, reported that corrections had 

to be made for "irregularities at the boundary region between the test 
region and the outer region," This resulted in a correction to the buck- 


ling, the maximum value of which was -0.35 me, 
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Direct measurements of the room return have not been made previously 
at MIT because the design of the proper detector which would most adequately 
fit the needs of the project has been an elusive problem, Weinstock and 
Phelps of the Brookhaven National Laboratory have recently developed such 
a detector (W1), and it is of interest to try this detector for the 
measurement of room return at MIT. 

It has been, therefore, the primary aim of this investigation to 
determine by experimental measurement, the current of fast neutrons which 
are reflected back into the inner, cadmium covered tank. A detailed 
description of the procedures utilized in making this measurement are 


given in Chapter II. 





CHAPTER II 


EXPERIMENTAL TECHNIQUES 


Qel Preparation for the Measurement 


In preparation for measuring the current of fast neutrons reflected 
back into the inner, cadmium covered tank, several considerations were 
necessary. 

(1) Access had to be gained to the space between the two 
lattice tanks, as this is where the measurement was to be made, 
It was desirable that the method devised be such that any re- 
quired mechanical work could be accomplished within the lattice 
room, that is without recourse to complete dismantling of the 
lattice tank structure. 

(2) A method for guiding the detector in its descent 
between the tanks which would involve a minimum amount of 
equipment was required. The presence of extraneous material 
could cause unnecessary perturbation of the neutron flux and 
thus yield results which were not characteristic of the flux 
normally present. 

(3) Additional care must be taken to insure that leakage 
of the nitrogen blanket which covers the D,0 moderated core 
would be prevented, If this were not done, the system would 
become contaminated with air, and subsequently bring about a 


reduction in the D,0 purity. 
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As a solution to these problems it was decided to saw a 3 inch hole 
in the 6.75 inch wide lip of the 3 foot diameter lattice tank (M3) with 
the appropriate size hole saw (Fig. 2.14). A portable drill was used so 
that the hole could be made in the lattice room, thus avoiding the problem 
of dismantling the tank structure. To guide the detector, 72 pound test 
nylon line was suspended between and secured to the stainless steel bands 
surrounding the cadmium covered 3 foot tank described in Section 1.1. 
These nylon lines were placed approximately 13 inches apart, as the 
detector, being greater than 2 inches in diameter when fully assembled, 
would then be subjected to a definite holding power (Fig. 2.2.2A). The 
fact that the nylon lines were secured to the stainless steel bands made 
it possible for the detector to be flush with the side of the 3 foot 
tank for all measurements, 

Finally, in order to prevent leakage of the nitrogen blanket, the 
hole in the tank lip was plugged with a No. 15 standard laboratory rubber 
stopper. The method used for controlling the depth of descent of the 


detector with this plug inserted will be explained in Section 2.2.2. 


2.2 Description of the Detector 
Cee. lL Description 


The detector utilized in this experiment consisted of a solid cyl- 
inder of indium (99.99 per cent pure), 2 inches in diameter by 1 inch 
thick (Fig. 2.2.14). It was completely surrounded with 0.020 inch cad- 
mium, thereby precluding the possibility of activation by thermal 
neutrons. Two depressions approximately 0.780 inches in diameter by 


0.020 inches deep were milled on the flat faces of this cylinder. Each 
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Fig. 2.14 TOP VIEW OF LATTICE TANK STRUCTURE 
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of these depressions held 2 indium foils which were 0.750 inches in 
diameter and 0.010 inches thick. The foils were numbered 1 through h, 
as shown, where foil number 1 was nearest to the 3 foot diameter lattice 


tank for all runs. 


2.2.2 Method for Lowering the Detector Between the Lattice Tank 

Once the detector, as described in the previous section, had been 
assembled, a stainless steel clamping device was secured around its cir- 
cumference (Figs. 2.2.2A and 2.2.2B). This served the dual purpose of 
holding the cadmium cover in place while also providing a means whereby 
the detector could be lowered between the 3 foot and 6 foot lattice tanks. 

To accomplish this lowering procedure while regulating the detector's 
path of descent, hollow stainless steel tubing, 3/16 inch O.D. and ap- 
proximately 4 inch long was soldered to the sides of the stainless steel 
clamping device as shown in Fig. 2.2.2A. These pieces were cut in half 
lengthwise thereby providing runners to engage the nylon line mentioned 
previously. 

To regulate the depth to which the detector was lowered another 
piece of hollow tubing was soldered to the top of the clamping device. 
To this was attached a 0,032 inch diameter stainless steel cable, appro- 
priately marked so that the vertical position of the detector would be 
known at all times, This cable was then fed through a hole in the rub- 
ber stopper, and secured at the desired location by means of a flat piece 
of aluminum stock (14 inch x 3/8 inch x $ inch) equipped with a stainless 


steel set screw. The arrangement proved to be satisfactory, as the cable 


was sufficiently strong to preclude the possibility of snapping if 
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Fig. 2.2.24 FRONT VIEW OF THE INDIUM DETECTOR 
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Fig. 2.2.2B SIDE VIEW OF THE INDIUM DETECTOR 
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subjected to a sudden jerk, and the combination of the nylon lines and 
the set screw device permitted exact knowledge of the detector's position 


for each run, Fig. 2.2.2C is a view of the experimental set up. 


2.3 Foil Preparation and Irradiation Techniques 
Following the procedure of Weinstock and Phelps (W1), indium foils 


were chosen for this experiment, The neutron bombardment of indium pro- 


aucee the reaccion ee (ao ia 116% The resulting excited level of 


In2® which decays by gamma emission with a half life of 5.12 minutes is 
the decay process that was observed, There are three primary reasons 
why indium was chosen as the most suitable material to be irradiated. 

(1) Indium has a large value of the neutron absorption 
cross section at its 1.8 ev resonance (approximately 30,000 
barns). 

(2) The observed decay process of Intlé has a relatively 
short half life, thus requiring runs of only 30 minutes to l 
hour duration in order to yield a high count rate. 

(3) Indium is a relatively low cost material (as compared 
with gold, for example, the other material given primary 
consideration). 

The 0.010 inch indium sheets from which the foils were cut were all 
taken from the same manufactures lot. The foils to be irradiated were 
punched to 0.750 inches in diameter. 

For each irradiation the indium cylinder, the cadmium covers, as 
well as the individual foils to be used were washed with acetone and 


wiped clean before being assembled. Once the foils had been inserted in 








Fig. 2.2.20 DETECTOR SUSPENDED ALONG THE SIDE OF THE 
THREE FOOT LATTICE TANK 
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the milled depressions on the faces of the indium cylinder they were held 
secure by the application of a small strip of mylar tape, shown by Simms, 
et al (S1) to have negligible effect on the foil activation, The cadmium 
covers were then put in place and held secure by the stainless steel 
clamping device previously described. 

When the run had terminated, the detector was dismantled and a foil 
0.387 inches in diameter was cut from the center of each irradiated foil. 
This procedure negated any effects which might be caused by streaming or 
by the presence of burrs on the irradiated foil. The foils were then 
gamma counted on both sides with a NaI (T1) well type scintillator in 
conjunction with Hamner electronic equipment (Appendix A). After a suit- 
able time delay for de-activation of the foils, their weights were 


determined with a precission balance, accurate to 1 part in 10° (grams). 
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CHAPTER. strt 


DATA ANALYSIS 


In analyzing the data obtained by counting both sides of each of 
the four foils shown in Fig. 2.2.1A, it is necessary to look at the 
neutron currents incident on each side of each foil. The reader is 
referred to Fig. 3.1A, in which the foils are shown to be considerably 
larger than they actually are. Recall that the 3 foot lattice tank (the 
core) is located to the left of the sketch, while the reflecting 6 foot 
tank is located to the right, Also, the detector is flush with the side 
geetne 3 foot tank, 

We wish to determine the albedo-like quantity §, 

activity of the right side of foil number ) 


B due) whe room-reflected neutron component ; (1) 
~ activity of the left side of foil number 1 


due to the neutron leakage from the core 

It is to be noted that the activity of any side of any one foil will be 
attributable to two separate components of neutron current. First there 
is the leaving component, i.e. those neutrons which leave the 3 foot lat- 
tice tank and travel outward, and secondly, a returning component due to 
neutrons which having left the 3 foot lattice tank, are reflected from 
the exterior surroundings, and are then capable of re-entering the 3 foot 
tank. An expression for the quantity, G, will now be derived in terms of 
measureable quantities, 

In the following derivation the subscript "L" implies that the quan- 


tity so subscripted is applicable to neutrons which travel from left to 
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right while the subscript "R" implies that the quantity so subscripted 

is applicable to neutrons which travel from right to left. Also, the 

small letter "k" subscripted with the numbers 1 to refers to the act- 
ivity of the left side of foil 1 to ) while the small letter "r" subscripted 
with the numbers 1 to ) refers to the activity of the right side of foil 
Leow. 


First define a transmission factor for a single outer foil 


Q 
f, = 7 . (2) 
ett 


where Ay and dy 1 are measured activities and Xo a,1 gives the ratio 
of neutrons which pass through the first foil and activate the second, 
i.e. the "transmission" of foil number 1 by those neutrons leaving the 
lattice core. 

If it is now assumed that the contribution to the observed activ- 
ities of the left side of foils 1 and 2 of the reflected neutrons is 


negligibly small, then 


Dob _ ae 
“41 1 


This is a reasonable assumption and implies that the activation produced 
by neutrons in the reflected component which escape the indium resonances 
while traversing the inch thick indium block will be negligibly small com 
pared with the activation produced by the component leaving the lattice 
core, 

Next the assumption is made that any neutron which traverses the 
entire block of indium (the detector), traveling from left to right, will 
activate the right side of foil number |; to the same extent that it 


activates the right side of foil number 3, i.e. 
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T3L = it - 6 . (3) 
This again is a reasonable assumption since any neutrons which have 
penetrated the block must have energies at which the indium cross section 
is small and for which the attenuation is therefore low (Wl). 


The following expression may now be written for the measured 


activity ratio rift 


m 
dl 6 r oT 
he. Flak“ "LB | 9, 
of 

a =o SR 

0. + 8 

L R 

- LR (1) 
0, * Op 


where the quantity ®, is defined by Eq. (3) above and 6, represents the 
activation of the right side of foil number |; due to the reflected neutrons 
only while on represents the activation of the right side of foil number 

3 due to this same component, en is different from and less than 8, due 

to passage through foil number }. The superscript "m" implies a 


measured quantity. 


Eq. (4) may be rewritten as: 
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t 
The quantity 6, /®, represents the transmission through foil number } of 
those neutrons which travel from right to left only, i.e. the reflected 
component. If it is now assumed that the spectral distribution of the 


outgoing and the returning components in the indium resonance activation 
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region are identical, then 


iL 
ee 
— 3 
® 24 
and Eq. (5) becomes 
Y 
mm gfe 
age 5 oat (6) 
1S °L , 22 
Op, 2) 


Hence, the result is an equation with only one unknown, 21 /Pp: The 
equation may consequently be solved for this unknown and thereby obtain 


Q0., the activation of the right side of the fourth foil produced by the 


R? 


returning neutrons only. From this it is possible to determine the 


return coefficient, 3, as defined by Eq. (1), 


eh 
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The procedure follows. 
Rewriting Eq. (6) gives 
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where X = @, / 9p is the quantity to be determined. Eq. (6) may be solved 


for x, obtaining 
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Now add 1 to both sides of Eq. (7) for simplification of the solution; 


thus 
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x+]1 = ace ° (8) 
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Recall now, from Eq. (lk), that 


mos + = 9 +86 
Yh alee, ane L R° 


This may be rewritten as 


meg (eed) = o(x+2) 
ry, R‘o, ff = nix ni 
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where the superscript "a" implies the actual activity of the right side 
of the fourth foil which is due to returning neutrons only, (i.e. re = Op) - 
Eq. (8) may now be combined with Ea. (9) to yield ry in terms of quan- 


tites which may all be determined experimentally 3 
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If Eq. (10) is then evaluated from the experimental data recorded for each 
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run, the return coefficient may be determined as 
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CHAPTER IV 


EXPERIMENTAL RESULTS 


4.1 Introduction 

In determining the return coefficient as given by Eq. (11) of 
Chapter III, it mst be recognized that there are three primary sources 
of neutrons which can contribute to this return effect: 

(1) Those neutrons which leave the lattice core are 
reflected and then return to the core, 

(2) Those neutrons which enter the 15 foot wide 
annular ring between the two lattice tanks from the 
graphite cavity (Fig. 1.1B). 

(3) Those neutrons which are due to sources external 

to the lattice room itself, such as leakage neutrons from 

the MITR. 

Since an important part of this investigation was to determine the 
extent to which the lattice core contributed to the neutron return, the 
method used to determine this component, separate from the latter two 
sources mentioned above, will be presented in this chapter and the sub- 


sequent results discussed. 


4.2 Description of Lattice Configuration 
The core of the lattice under investigation at MIT during the per- 


iod in which this work was performed, consisted of 361 cylindrical rods 
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al 
of metallic uranium enriched to 1.13 “/o p23? , The rods were each 0,25 
inches in diameter and were arranged in a triangular pitch of 1.75 inches. 


The moderator was D.O with a purity of 99.6 per cent. 


Ol 
The vertical configuration of one fuel rod within the lattice core 
is shown in Fig. .2A. In Fig. .2B the locations are shown at which 
measurements were made in determining the return coefficient as a function 
of height along the side of the lattice core, It is to be noted that the 
measurements did not extend the full length of the fuel element. The 
range of the measurements was limited owing to the location of the two 
stainless steel bands used to hold the cadmium wrapping flush to the side 
of the 3 foot tank (Section 1.1), and between which the return coefficient 


measurements were made (Section 2.1). 


4.3 Experimental Runs with a Loaded Core 


To determine the return coefficient due to all three sources listed 
in Section l.1, two experimental runs were made at each of the fifteen 
locations shown in Fig. .2B, The core was loaded as described in Section 
4.2. Each side of each of the four foils irradiated was then gamma 
counted as described in Appendix A, The resulting activities were fed 
into a computer program, ACTOR (see Appendix B), which corrected the 
observed activities to the saturated activity and normalized this value 
as to foil weight. The output from ACTOR was fed into a second computer 
program, BETA (see Appendix B), which determined the return coefficient, 
8, by solving Eq. (1)) of Chapter III. 

In both computer programs the statistical fluctuations were deter- 


mined in the usual manner (El), assuming a Poisson distribution. 
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The resulting return coefficient for the fuel runs, plotted as a 
function of vertical distance along the side of the lattice core tank, is 
shown in Fig. 4.3C. In Fig. ).3D are recorded the same data plotted with 
the return SOREPLCIONE on a log scale. Note the closeness to which the 
return coefficient, as a function of height, approaches a straight line 
in the latter plot. In both plots, the standard deviation due to count- 
ing statistics is less than the size of the points through which the 
curves are drawn. TABLE ).3 gives the values of 8B which are plotted. 

Figs. 4.34 and ,3B are presented to indicate the manner in which 
the component of neutrons which leave the core (2) and the component of 
neutrons returning to the core (r)) Vary with core height. The ratio of 
the points recorded on the two plots at any one detector position will 
give the return coefficient at that position as plotted in Figs. h.3C 
and .3D. 

It is to be noted that Figs. h.3A and 4.3B do not represent the 
absolute magnitude of the leaving and returning neutron components as 
these components vary with height. There are two primary reasons for 
thiss 

(1) The equation used to determine the plotted act- 
ivities (Appendix B) lacks a ml1tiplicative factor of AT) 


A) being the decay constant for tntlé 


and T,, being the dur- 
ation of the counting period, Since this value was the 
same for all foils, it would cancel when foil ratios were 
taken to determine @. Hence, it was not included in the 
defining equation for activity. 


(2) It was found that an inconsistency in the act- 


ivity data existed for runs made at detector positions 11 
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to 15. This was attributed to a change in the effective 

sensitivity of the counting equipment caused by discrim- 

inator drift. Thus, in order that Figs. .3A and ).3B 

appear as smooth variations, it was necessary to ml1tiply 

the activities at these positions by a "shifting factor." 

The shifting factor was set equal to 0.6). Again, this 

inno manner affects the variation exhibited by the return 

coefficient, as the change in the sensitivity would appear 

as an additional efficiency term and would thereby cancel 

when the foil ratio rid =@ was calculated. 
For these reasons, Figs. ).3A and .3B should be consulted only to gain 
insight into the manner in which the leaving and returning neutron com- 
ponents vary, or, the manner in which the resulting return coefficient 


varies. 


4.3.1 Discussion of Results for the Fueled Runs 
From Fig. .3C it is seen that the return coefficient is smallest 
near the bottom of the lattice core and increases with vertical distance 
along the tank. To interpret this phenomenon, it is necessary to look 
at the magnitude of the activities involved in the definition of @, 
which is given by Eq. (11) of Chapter III: 
ra 
@- s+. 
dy 
(see Figs. .3A and ).3B, and Appendix C) 
First investigate the variation of L, with vertical distance along 


the lattice core (Fig. h.3A). Recall that the lattice facility with its 
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source, the MITR, removed is subcritical. Hence, insufficient neutrons 
are generated by the lattice core itself to maintain Kore = 1. When 

the neutrons from the MITR are made available to the lattice core, they 
enter the tank bottom with a shape closely resembling a J, distribution 
and are almost totally thermalized, as discussed in Section 1.1. These 
thermal neutrons cause fissions in the fuel, thus producing epithermal 
and fast neutrons, Some of the higher energy neutrons produced are 
slowed down so that they too assist in sustaining the fission process, 
thus further increasing the quantity of fission produced neutrons, The 
leaving component of neutrons is therefore a "dual component" and will 
consist of contributions from fissions caused by both source neutrons and 
thermalized fission produced neutrons, This "dual contribution" will 

not be present for the entire length of the core however, since the con- 
tribution from the source neutrons will quickly die out with increasing 
height, In fact, at a height greater than approximately 20 inches above 
the lattice tank bottom, the observed leaving component is due almost 
totally to fission produced neutrons, This latter component then decreases 
with height approximately exponentially. 

As would be expected, ry, shows the same variation with height as Q., 
for small vertical distances. For vertical distances greater than ap- 
proximately 20 inches above the lattice core bottom, ry, also decreases 
in an exponential manner with height, but in such a sluggish manner that 
it may be said to be approximately constant. This slower decrease can 
be attributed to external sources as given by factors (2) and (3) in Sec- 
tion 4.1, An additional contribution is also present from these neutrons 
which leave the lattice core at some location other than that of the 


detector and are subsequently scattered into the detector, 
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In summary, it may be said that the variation of the return 
coefficient with height is most strongly affected by the variation in 
Qj. This, of course, is due to the relative variation of the magnitudes 
of the activities involved. 

It is also to be noted that the return coefficient is greater than 
1 at position fifteen, This implies that more neutrons are returning to 
the core than are leaving, i.e. that the returning component of neutrons 
contains contributions from sources in addition to that component leaving 
the lattice core which is reflected. This fact complements the discussion 
of the variation of ry with height, which is given above. The following 


section, which reports the results of the moderator runs, will give 


further insight into the external sources involved, 


4.4 Experimental Runs with Moderator Only 

In order to separate the effect of the fueled lattice core on the 
return coefficient from the other two sources listed in Section .1l, a 
series of runs were made in which the core tank (the 3 foot tank) was 
filled with D,0 moderator only. The recorded activities were analyzed 
with the computer codes ACTOR and BETA in a manner identical to that 
followed in analyzing the data from the fueled core runs described in 
the previous section. The results are presented in Figs. WC and yD. 
TABLE l,l) gives the values of @ which are plotted. Figs. h.WaA and ).)B 
show the variation of 2, and r), with height along the lattice core for 


the moderator runs, 


eluel Discussion of Results for the Moderator Runs 


From Fig. 4.uC it is noted that the return coefficient is considerably 
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TABLE 


TABULATED VALUES OF 8 AND THE STANDARD DEVIATION 


IN @ FOR THE MODERATOR RUNS 


Location 3 Bs _p 
1 0.47208 0.01065 
2 0.4015 0.00909 
3 0.55506 0.01130 
7 0.86337 0.01999 
8 0.911228 0.02169 
9 0,966),2 0 .023h7 
10 161538) 0.02786 
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greater for the moderator runs than for the fueled runs, if a point-by- 
point comparison is made with Fig. 4.3C. Since no fuel is present, the 
only sources of neutrons for the leaving component are (1) source neutrons 
coming from the graphite cavity, and (2) the photo-neutron reaction in 
D,0. The returning component appears to be dominated, not by the core 
generated neutrons, but by neutrons which enter the 1s foot wide annular 
ring between the two tanks from the graphite cavity. Although neutrons 
from a source external to the lattice room could also be a part of the 
returning component, this is considered to be a small, constant 
contribution, 

From Fig. 4.4D it is seen that the return coefficient varies ap- 
proximately exponentially with vertical distance along the lattice core, 
This is as expected, for if it is assumed that the contribution to the 
returning component of neutrons from (1) those neutrons which enter the 
1$ foot wide annulus, and (2) those which are generated totally external 
to the lattice room are nearly constant (which is a good assumption - 
see Fig. ).4B), then the variation in the return coefficient with height 


AZ which is aproximately the manner in which the quantity of 


goes as e. 
source neutrons within the lattice core decreases, The photo-neutron 
reaction in the D,0 moderator also contributes to the leaving component, 
but sufficient information is not available at the present to determine 
the extent to which this phenomenon contributes to the total neutron 


population within the MIT lattice core. Further work is in progress at 


MIT to determine the magnitude of this reaction, 


4.5 Return Coefficient Due to Lattice Generated Neutrons 


To determine the return coefficient as a function of vertical 
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distance along the lattice core due to lattice fuel generated neutrons 
only, it was necessary to combine the return effects illustrated by the 
fueled runs and the moderator runs, 

To understand how this combined return coefficient was determined, 
it was necessary to recall one of the basic saunas made in Chapter 
Ill, in that chapter it was assumed that any neutron traveling from left 
to right (i.e. leaves core and travels outward) which activates the right 
side of foil number 3 will also activate the right side of foil number 


to the same extent (ref. Fig. 2.2.14). Then it may be said that 


ee ry ee Sap Ta (1) 
where ry, is the total activity of the right side of foil number h, r) is 
that portion of the activity which is due to the returning component of 
neutrons, and a is that portion of the activity which is due to the 
leaving component of neutrons, using the notation established in Chapter 


mises oO follows that 


ros r-r = rer (2) 
3 3 3yL 3 Le ae 
where the expressions have the same meaning as above, with only the sub- 
scripts changed. 
Thus if ms and r) are determined for both the fueled and the moder- 
ator runs (performed by BETA) a net R, and Ry due to lattice born 


neutrons, may be obtained as follows: 


a a 
a a oa 
“LF — “h,M — Ry 9 (4) 


where the additional subscripts ®"and'M"refer to fueled and moderator runs 


respectively. 


oe) =a 
Oo 
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Note that both R, and on are functions only of the epithermal and 
fast leakage flux generated within the lattice core by the fuel. That 
is.) SNCe hh consists of reflected neutrons due to 
(1) leakage neutrons generated by the fuel 
(2) source neutrons which leak out and neutrons from 
the photoneutron reaction in the D0 moderator, and 
(3) neutrons which enter the 14 foot wide annular ring 
between the two tanks and any external source which might be 
present, 
while rh contains only contributions from the latter two sources, then 
le o TM will leave only the contribution from the reflection of the 
fuel generated neutrons which leak out. The same considerations would be 
true for R.. 


5 


Now, using these values of R, and R,, the return coefficient @ may 


3 


be determined utilizing Eq. (11) of Chapter III as before. However, 4 


and 1, will be replaced by L dir zs dan and L, = Loe s Lev to 


i 
be consistent with the above considerations. 
In the new notation then, the defining equation for the return 


coefficient becomes 
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The values of the return coefficient so obtained are plotted in Figs. 
4.54 and 4.5B, and one tabulated in TABLE 4.5, Fig. .5C shows Figs. h.3C, 


4.4C, and 4.5A combined to illustrate the relative magnitudes of the 
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TABLE 1.5 


TABULATED VALUES OF @ DUE TO THE LATTICE 


FUEL ONLY 


Location 


10 


3 


0 .086),0 
0.09390 
0.10391 


0, 22868 
0.28320 
0.33346 
0.3967) 
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contributions of the various sources of the returning component of 


neutrons, 


4.5.1 Discussion of Results for the Determination of GB Due to Lattice 
Fuel Only 

From Fig, 4.5A it is seen that the contributions of sources other 
than the lattice fuel have little effect on the approximately exponential 
variation of the return coefficient with vertical distance along the late 
tice core. The exact magnitude of this effect is seen in Fig. ).5C. This 
is due to the relatively small count rates which were obtained for the 


moderator runs, 
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CHAPTER V 
DETERMINATION OF THE EFFECT ON LATTICE MEASUREMENTS 


PRODUCED BY THE NEUTRON RETURN PHENOMENON 


5.1 Introduction 

As mentioned in Section 1.2, the MIT lattice core is treated as a 
bare cylinder for all experimental measurements performed. In making 
this assumption, the possible existence of a reflector effect is recog= 
nized, but any perturbation this might cause is assumed to be damped 
out near the core edge, In this paper the magnitude of the reflector 
effect has been determined, and it now remains to determine the range 
of validity of the assumption that this effect is damped out near the 


core edge. 


5.2 Procedure 

It was decided that the investigation of radial buckling measure- 
ments made at various heights within the lattice core would yield the 
desired information, Since the return coefficient increases with height, 
a similar increase in the activities of the outer foils in a radial 
buckling measurement would complement the return coefficient measurements 
and also allow the range of validity of the assumption that the return 
effect is damped out near the core edge to be determine, Time did not 
permit making these radial measurements on the same lattice utilized for 


the return coefficient measurements, and it was therefore necessary to 
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look at similar data previously obtained on another lattice. This latter 
lattice (to be referred to as the reference lattice) had the same char- 
acteristics as the lattice utilized for the return coefficient measurements, 


? Gn ieumor male */o 


excepting that the enrichment was 1,03 nyo 2? 
y23° (Section .2). In both cases the MITR operated at a power level of 
(1.95 = 0,.02)MW. Thus, although the comparison will not be exact, the 
possible existence of a general trend may be established. 

The particular radial buckling measurements investigated consisted 
of the irradiation of cadmium covered gold foils (99.9 per cent pure), 

1/8 inch in diameter and 0,010 inch thick. The distances above the bot- 
tom of the lattice tank and the run number involved are given in TABLE 
5.2.1. The radial buckling values obtained are included for future refer- 
ence. For each of the radial bucklings listed in TABLE 5.2.1, twenty 
points were used in the computation, The measurements were made in a 
direction parallel to the girders (Fig. 5.2A). 

To determine the relative activities at various heights of the oute 
side foils used in the buckling measurements, it is necessary to normalize 
the activity of the outer most foil to that of the central foil. Since 
the reference lattice was a rodecentered lattice, there was no central 
foil; but there were two foils approximately equi-distant from the center 
(of the foil holder). Consequently, the activity of the outer most foil 
was normalized to the arithematic average of the two foils equi-distant 
from the center, The particular outer foil used was that foil located 
nearest the black plug to the right of the girders (B - end), visable in 
Fig. 5.2A. This black plug marks the location of the return coefficient 


measurements, Note that the radial buckling measurements were not made 
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Fig. 5.24 VIEW OF LATTICE TANK WITH CORE INSERTED 
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in a direction such that the location of the outer foil corresponded to 
the location of the return coefficient measurements, but again, the 
results are being reviewed to look for a general trend, 

The results of normalizing the activity of the outer foil to that 
of the two central foils, and then normalizing these results such that 
the activity of the outer foil at the lowest vertical distance is taken 


as one, are given in TABLE 5.2.2. 


TABLE 5.2.2 
RELATIVE ACTIVITIES OF THE OUTER, CADMIUM COVERED, FOIL AT 


VARIOUS HEIGHTS IN THE REFERENCE LATTICE 


Distance From Distance of Foil Relative Activities 
Tank Bottom (in.) From Tank Edge (in.) Normalized to Lowest Position 


21.795 lee 1.000 
25.181 1.30 1.28 
282173 1.30 1.345 


The results listed in TABLE 5.2.2 indicate that the activity of the 
outer foil in a radial buckling measurement definitely increases with an 
increase in vertical distance from the lattice tank bottom, and this was 
the trend it was desired to establish. 

To determine just how many of the foils in a radial buckling measure- 
ment might be affected by this return coefficient, TABLE 5.2.3 is 


presented, 





ein ee 


TABLE 5.2.3 
RELATIVE ACTIVITIES OF RADIAL BUCKLING FOILS AS A 


FUNCTION OF RADIAL AND VERTICAL POSITION 


Distance From Distance of Foil Relative Activities 
Tank Bottom (in.) From Tank Edge (in.) Normalized to Lowest Position 





a> 2.95 1.000000 
eee 181 29> 1.128880 
28173 2.95 1.13401) 
214795 4.80 1.000000 
25,161 1.80 1.065686 
28.173 4.80 1.079060 


From TABLE 5.2.3 it is seen that the magnitude of the return effect 
decreases quickly with distance away from the core edge, and that only 
the increase in the activity of the end foil, and to a lesser extent the 
second foil in from the core edge need be closely observed, 

Now, although not strictly correct, it seems of interest to compare 
the relative increase in activity with the increase in the return 
coefficient. To do this, Fig. 5.2B was prepared, where distance from 
core edge, at constant height, is plotted against the normalized activity. 
The data was then extrapolated to the core edge, and the resulting value 
of the normalized activity compared with the return coefficient, normal- 


ized to one at the lowest position to correspond to the normalization 
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procedure performed for the foil activities. This comparison is made in 
TABLE 5.2.4. In studying this comparison, the existence of differences 
in the lattice cores utilized for the two types of measurements, and the 
differences in the relative directions of the measurements must be held 


fend . 


TABLE 5.2. 
LISTING OF NORMALIZED FOIL ACTIVITIES AND NORMALIZED 


RETURN COBFFICIENTS AS A FUNCTION OF HEIGHT 


Distance From Normalized Normalized Epithermal 
Tank Bottom (in. ) Activity Neutron Return Coefficient 
21.795 1.000 1.000 
oo le 1 1.360 1235 
Zoe 1 (3 1.440 1R556 


A precise explanation of the variations between the normalized activities 
and the normalized return coefficients cannot be given for reasons stated 
previously. 
Although it has been definitely established now that: 
(1) the neutron return coefficient increases with 
height, and 
(2) the activity of the outer foil in a radial buckling 
measurement increases with height, 


it remains to see exactly what effect there is on the overall results of 
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measurements made within the lattice core, The measurement of particular 
interest is the radial buckling, and it can be seen from TABLE 5.2.1 that 
the determined values of %, as a function of height, do not appear to be 
systematically affected by the neutron return effect. In this tabulation 
none of the experimental points have been dropped. It must be remembered, 
however, that the highest vertical distance at which buckling measurements 
were made in the reference lattice corresponds to a height approximately 
midway between positions 7 and 8 used for the return coefficient measure- 
ments, where G@ = 0,27 (ref. Fig. 4.3A). As the height is increased 
beyond this point, increases markedly. Hence, the values of the radial 
buckling obtained might also change. This is a point which should be 


further investigated. 
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CHAPTER VI 


SUMMARY AND RECOMMENDATIONS 


In general, the purpose of this work has been to determine the 
return coefficient, as a function of height, for the MIT Lattice Fac- 
ility. A secondary objective was to determine the extent to which the 
return effect, if it existed, affected measurements made within the 
lattice core, Both of these objectives have been accomplished. The 
return coefficient was determined to increase approximately exponent- 
dally with height, reaching a value very close to unity at a height of 

50.3 inches above the bottom of the lattice core tank. By investi- 
gating the results of radial buckling measurements, it was found that 
the outer-most foil in this measurement (1.30 inches fromcore edge) is 
most strongly affected by the return effect. However, for the radial 
runs investigated, the effect was not enough to create any systematic 
variation in the value of & as a function of height. It mst be remem 
bered however, that the values of « given in TABLE 5.2.1 were determined 
without dropping any experimental points. The value of A which is 
reported is determined by dropping the two end foils. Thus, at the par- 
ticular heights investigated, the effect of the returning neutrons on 
the radial buckling measurements is non-consequential. As the height at 
which such radial measurements are made is increased however, the increase 
in the activity of the outer-most foils might further reduce the number 


of valid points, 





re 


66? 


An additional comment should be made concerning the derivation of 
the return coefficient equation (Chapter III). In this derivation the 
assumption was made that the contribution to the observed activities of 
the left side of foils 1 and 2 of the reflected neutrons is negligibly 
small (ref. Fig. 2.2.14). It is intuitive that this assumption would be 
good for all runs in which the magnitude of the leaving component of 
neutrons is considerably greater than the magnitude of the returning 
component of neutrons, However, when these two components are of similar 
magnitude (e.g., at detector positions 1) and 15, where it is to be 
recalled that the magnitude of the components is much smaller), the worth 
of this assumption is somewhat hidden. It is felt that a reasonable 
amount of validity still exists since the number of returning neutrons 
which penetrate the inch thick block of indium will be considerably less 
than the total number which initially strike foil number . However, 
the definition of "a reasonable amount of validity" cannot be made pre- 
cisely. It would therefore seem advisable that an experimental 
verification of this assumption, for which time was not available during 
the course of this work, be performed before the return coefficients, as 
determined at detector positions 1) and 15, be applied in other 


experimental work, 
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APPENDIX A 
DESCRIPTION OF THE COUNTING EQUIPMENT 


AND THE COUNTING PROCEDURE 


The activities of the irradiated foils were obtained by counting 


the gamma rays emitted in the decay of Init? the specific nuclear 


reaction being Intl? (n,v) [yl l Om The particular excited level of Init® 
observed had a half life of 5.12 minutes, The pulse height analyzer 
was calibrated to pass signals from gamma rays of energies between 0,8) 
to 2.3 Mev. The dead time of the counting set up was determined by the 
two-source method utilizing two C9 foils and was found to be 0.1)8 x 
107° minutes, 
A Harshaw NaI (T1) well-type scintillator with the following 
characteristics was utilized: 
Crystal diameter - 1 3/) inches 
Crystal height - 2 inches 
Well inside diameter - 21/32 inches 
Well depth - 1 35/6) inches 
In conjunction with the Harshaw scintillator, Hamner electronic 
equipment was used as follows: 
Amplifier - Model N-380 
Pulse height analyzer - Model N-685 
Scaler ~ Model N-251 


Mechanical timer ~ Model N-821 
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The high voltage supply used was a product of Cosmic Radiation 
Labs., Inc. The Model was Spectrostrat 1001 B. 

Each side of each of the four foils irradiated was counted for a 
3 minute period. Background counts with a minimum duration of 30 minutes 
were taken upon completion of counting the foils for each run, 

It is to be noted that it was not necessary to recalibrate the 
counting equipment before each day's runs, Since only activity ratios 
were utilized, any change in efficiency due to possible gain shifts 


cancelled for any one run. 
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APPENDIX B 
DESCRIPTION OF THE COMPUTER CODES 


ACTCOR AND BETA 


B.1 ACTCOR 
ACTCOR performs the task of correcting the observed foil activities 
to the saturated activities and then normalizes this quantity as to foil 


weight. To carry out this function, ACTCOR solves the following equation: 


N 
es »(T, + T.) 
- - bkgnd. je : 3 
aie t 
y 
AT a 
=i -AT 
if 4 
ACT = l-e ) (l-e ) 
Weight 
where N = Total observed count rate 
qT = Waiting time, or time from end of run until start of first 
count 
t = Clock time, or time from start of first count until start of 


count for particular foil whose decay process is being observed 

ty = Duration of the counting period (3 minutes for each side of 
each foil) 

= Decay constant for the decay of Int16 (A = 0,69315/ half 
period) 

T = Dead time of the counting set up (T = 0.18 x 10-2 minutes) 


bkgnd. = Background, in counts/minute 
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Weight = Foil weight 
The miltiplicative factor AT) was omitted from the numerator of Eq. (1) 
since this is a constant for all runs, 
To determine the standard deviation of the corrected activity, two 
assumptions were made: 
(1) that the background is small compared to the 
total number of counts recorded and 
(2) that the counter dead time is acceptably 
small such that little or no correction is introduced 
into the ACT term, 
Both of these assumptions were valid throughout the course of this exper- 
iment, After making these two assumptions, it was possible to determine 
the standard deviation (S.D.) as 


| * ACT 


S.D. = y 





where N is as defined above and ACT is given by Eq. (1). 
A copy of the computer program ACTCOR is presented following this 


section, 





aaron oi err al 3° 0 wey yy UYU NOY TY 


-/2-7- 


ACTCOR BY DAVID Me GOFRFL 

THIS PROGRAM YIELDS A FOIL ACTIVITY WHICH IS CORRECTED FOR 
IRRADIATION TIME. DELAY TIME REFORE COUNTINGs LENGTH OF COUNT» 
COUNTER DFAND TIMFe AND WHICH IS NORMALIZED AS TO FOIL WEIGHT 
ALL TIMFS ARF IN MINUTES 

FOIL WEIGHTS ARF IN GRAMS 

BACKGROUND IS IN COUNTS/MIN 


PPoNTie Toe LON OF aay MEOL S 


PTIMFE = TRRADIATION TIMF 
WTITME = WAITING TIME® TIMF FROM END OF BUN UNTIL START CF FIRST COUNT 
RCOR = RANTATION CORRFCTION 


Piven Aor ole ee Oor eIN TUM } 16M 
NCNP = PNFLAY CORRECTION 
BKGND = BACKGROUND 

(1IMES= CEOGK (Me 

OT IMP? = DURAT LON Be COUN f 
COUNTS = NUMRER OF COUNTS 
DTAU = COUNTER DEAD TIME 
COR = COPRFCTIONS 

UACT. = UNGORRECTED AGIIVITY 
AGI "= CORPECTED ACTIV iy 
WEeGH) (= 7] Oe we Gait 


i 


999 RFAN ANN 
KOO FORMAT (727}] 
1 ) 
PRINT 6009 
RFAD 10059 SWe RTIME» WITIMEs TAUs DTAU 
190 FORMAT (4(F19.5)s F1le1Q) 
PEA 1901s NEFOILS 
1901 FORMAT (13) 
RCOR = (1, 0-FXPF(-O,693154RTIMF/TAU)) 
DCOR = FXPF(O0,69215/TAURWTIME) 
RFAND 102s RKGNYD 
102 FORMAT (F10,.5) 
PRINT 329%, RTIME 
300 FORMAT (22H JRPRADIATION TIMF WAS 9F10e3s SH MINe) 
DRINT 301¢ WTIMEF 
301 FORMAT (18H WAITING TIME WAS 29F1N0.39 SH MINe) 
PRINT 3925 TAU 
302 FORMAT (9H HALFLIFFE » Fl0e32 SH MINe) 
PRINT 393% DTAU 
303 FORMAT (18H COUNTER DEADTIME y £10653 5H MINe) 
PRINT 3945 RKGNND 
304 FORMAT (15H RACKGROUND IS s F1l0.3% 137 COUNT S/MINSs 77 


PRINT 160 
160 FORMAT (70H CTIME TG WETGHT COUNTS 
1 FOTLNS ) 


P9200 Il=lsenr ores 

RFAD 105% CTIMFs OTIMFs WEIGHT» COUNTS» FOILNO 

COP = EXPF(0,69315/TAURCTIMF)/(1.90 -— FXPF(=0,69315/TAU*DTIME) ) 
UACT = (COUNTS/ATIMF)/(1.0 = CCUNTS#DTAU/DTIMFE) = RRKGND 

ACT = UACT#COR*¥DCOR/RCOR/WEIGHT 





103 


EO? 
200 
104 
Os 


500 


=DENT SORTFI( COUNTS} 

SPMILT =SSRGNT/7GOUNTS 

SD = SDOMLT*#ACT 

PRINT 1049 CTIMFs NDTIMFe WFIGHTs COUNTS» FOILNO 
PRINT 1935 ACT 


FORMAT (23H FLUX PROPORTIONAL TO » E Sires 
PRINT 1975 SN 

FORMAT (25H STANDARD DEVIATION IS ¢ EV Sie0 sr) 
GONT [AGE 

EQRMAT@ (1 2I EOLA sSXis FI0.665%s F1042 +5Xs FIGS) 


FORMAT (2F10.5>% F1O,.6> FIU.S. ls EOS 5) 
IF (SW) 9995 5905 999 
CALL FXIT 
FND 
69 


TOTAL 69* 
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Bee DETA 

BETA, using the output of ACTCOR as input data, performs the task 
of solving Eq. (11) of Chapter III for the fueled and moderator runs, 
thereby producing the values of © shown plotted in Chapter IV. The 
standard deviation in @ was determined in the usual manner (El), assum- 
ing a Poisson distribution, 

A copy of the computer program BETA is presented following this 


section, 





(myan am enn a em ey Yay FO)" OV Co) 


599 


AO 1 


502 
503 


504 


— 7 


RETAs RFTURN COFFFICIENT FOR THE MIT LATTICF BY DAVIN Me. GOFBEL 
THIS PROGRAM COMPUTES THE REFLECTION QUANTITY FOR EPI=-THERMAL 
AND FAST NEUTRONS 


TO TRANSFER FROM ACTCOR TO BETAs THF FOLLOWING APPLIES 


Jt = R1 

Olay ¥ 

NM? 2= PRD 

92 = Y2 

024 = 23 

Q42 = Y4 

Cie et 

94 = Y4 
Of ) IMPLIFS THE RIGHT SIDF OF FOIL NUMBER ( } 
9( ) IMOLTES THF LEFT SINE OF FOIL NUMBER ( ) 


RFAN 5900, NRUNS 
FORMAT (14) 

AA 600 T=ls NRUNS 
PFA 111 

FORMAT (47H]1 ) 
PPINT 111 

PFA 5015 P35 PASD 
PFAM SOls R&s RASD 
READ SO]s Yls YUSD 
RFAN 50]%s Y2s Y2SD 
FORMAT (2F15.1) 


BET AT (RGR 3474100 = ty 27115) 7771 
A = PASH#XRASH 
R = R4GSH#P4SN 


TAPSN = SOSTF( A+R) 


Pe 1 ¥ 1 SPY YI ELY ISPD) 
Beta ISIS Y 2 ye CY 2am 7 ied 
F = SOR TF (D+F) 


BOSD = CY 2/71 )+6 


G = (TOPSD/(R4-R3))#(TOPSD/(R4-R3) ) 

He (AOSD ls C= Oi27 1 hy pet BONSsD/(1.0=(Y2/11 wn) 
R = SQRTFI(G+H) 

Pench = (CY FRET Ayer 

P = (R4&ASDN/(Y1I#RETA))#(RAASD/(Y1#BETA)) 

Q= 1 Y1SN7 1) #0 v1 Sey vs 


S = SQRTFIP+O) 
RFTAD = RETA#S 
Dik = BETAXY 1 


P4l + P4-R4A 
R3L = P4Ls P3ALSD = R4LSD 
PAA = PZ — RAL 


PR = P4GASN#R4GASN 

R4LSD = SQPTF(R + BR) 

AA = P&4LSN#RALSNA 

P3ASN = SORTF(A + AA) 

PRINT 5029 BETA 

FORMAT (17H ALRFANO TS (ae O45 Say) 

PRINT 5935 RETAN 

FORMAT (27H THE SeD,. OF THE ALRBEDO IS s FLO 8s: S47 774 
PRPINT S04,—5 R&A 

FORMAT (10H P4A IS feels. 9s. 7 ) 





BUS 


506 


B07 
600 


~ (6 si 


POINT 5055 P4&ASN 
FORMAT (10H P&ASD [5S 9 £15498 /) 
PRINT 596» O4A 

FORMAT (10H R3A TS 0 El15e9o /} 
PRINT SO7—s R32ASN 

FORMAT (10H R32ASD IS 9 E15.99 /////)} 
CONT INUF 

GA EXIT 

ENA 


TOTAL 


54 


64% 
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APPENDIX C 


TABULATION OF FOIL ACTIVITIES 


In the computer print out contained in this Appendix, certain 
alphabetical letters hare been placed adjacent to the run location 
numbers. These le ties: have the following meanings: 

M = Moderator run 
P = Pipe side - i.e. several runs were made at a loc- 
ation 180° from the location of the runs reported 
(pipe side implies that the overflow lines were 
located here) 
(blank) = fueled core runs 

It should also be noted that data from several of the 61 runs per- 
formed were not utilized. A list of these runs is given below, included 
in which is a short explanation as to why the data was not considered of 
value, 

Runs 1 to 6: These were preliminary runs made for orientation purposes, 
They served to polish the experimental procedures and 


establish irradiation times, 
Run 73 Lattice scrammed after start of the run, 


Runs 8 and 9: During the course of counting the foils for these runs, the 


scaler was noted to throw in spurious counts. The scaler 


module was subsequently replaced. 
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Run 19:3 This was one of three runs made at location number 6, The 
data for this run was invalidated as it proved to be incon- 


sistent with the results for the other two runs (21 and 
ie 





RUN NUMBER IS | 
LCCATION NUMBER IS 


ACTIVITY 
DPC STE ECCE 
(« 3BCCEI474CE 
« LE CSCGCUIGE 
01675254620E 
~lLJLEC4S4IGECE 
« LSZSCTSTOCCE 
o2971383970E 
e 3SCCSEC17HCE 


RUN NUMBER IS 
LCCATICN ALPMRBER IS 


ACTIVITY 
15260 C9CCE 
« S9CCe7232Ce 
© 194994C730E 
~1953548540E 


~14C716989CE 


e 14CS98672CE 
e392 7 ACe 
soe2e JeCoOe 


8 
pet 

De 
C8 ~6264447710E 
Os | 6 64189471 30F 
C8 -4615856330k 
Od ©4723533160E 
C9 -1311459850e 
C9 ~134859783Ct 
C9 ~2127965700t 
09. sis i 2191163220E 

g 
L.l 

Se 
C8 ©6711522040E 
C8 .68794B8510Ci 
O8 °4953285860E 
U8 -508431531L0t 
09 ; ~1432565240c 
09 -1469452230t 
Og «2333683660E 


CS °24014904507 


O5 
05 
O> 
O05 
06 
C6 
C6 
WG 


~(G - 


FOILNO 
4 
‘94 
3 
y3 
J2 
? 
4) 
l 


(OTLNO 
4 
94 
3 
> 
92 
2 
71 
lL 





RUN NUMBER IS 


LCCATICN 


NUMBER IS 


ACTIVITY 
«S2CUG6CS3CE 
©422534558UE 


“ 3o2 06 1OCOOE 


«2259076 C5o1CE 
«16254555 1Ce 
eb635 72225900 
« S9DS4GOS LOGE 
0 27544 7¢E42CE 


RUN AUMBER IS 
LLCATICN NUMBER IS 


ACTIVITY 
ST ST Se TICE 
©3727751970c 
~lL&CE47CTHCE 
s baGCacaai ce 
~123€142770€E 
013418527320E 
© 322556C97CE 
© 223291 8366CE 


RUN NUMBER IS 
LCOCATICN NUMEER IS 


ACA VAY 
eS9S7TTISSS0E 
3969 39C39CE 


wlumge eo? jee. 


©194550S74CE 
« 143233C9C0E 
elL43227CCS10E 
©345504373CE 


~346419874CE 


RUN AUMBER IS 


LCCATICN 


NUMBER ES 


ACTIV iny 
-4291662120E 
-431676506Ce 
©2192424420E 
©221567993CE 
- 153752C620E 


~1527674510E 


© 3862898524CE 
© 3842143230E 


LC 


O& 
U3 
O8 
G4 
ud 
Oo 
C9 
GY 


11 


O# 
U8 
CE 
O8 
C9 
Ug 
C9 
OD 


L2 


U8 
Ox 
o8 
Ca 
og 
09 


oF 


an 


Cd 
09 


Sie 
el 2365673608 
e1l332227340) 
~1047912490r 
© 1G15042Z350e 
27929337 OL 
e30340C 727CEL 
e44858N907601 
eICUZSTAGI0E 


Sebu 
-61450758 le 
8345791820. 
2 I0GT Liagot 
6046334750 
e1721357590L 
elL?7O¥481 7100 
«2855015750! 
029598796704 


Seis 
(84293598 750L 
039545582 75Cte 
«O7T69215160c 
-6946123010tr 
-1984866140t 
2039 1G7249505 
© 3275620490L 
© 13603766201 


Sielse 
«13307235406 
«13689605801 
©9981147340i 
2 1L029202640t 
2806938394 30L 
e283784C 3380L 
47208 11L0O00E 
484 /468710E 


06 
C6 
U6 
U6 
C6 
Go 
06 


OS 
wie) 
> 
O> 
U6 
G6 
Go 
06 


0 
U5 
05 
U5 
Oe) 
06 
U6 
06 


EO GEO 
4 
a4 
3 
a3 
V2 
Z 
1 
l 


| ULE 

Z 
9G 
Ss 

3 
2 
? 
DL 
' 


PCLeUNe 

4 
d4 

B 
33 
d? 
2 
oO] 
! 


PC LEA 
4 
4 
3 
v2 
92 
“ 
Ft 
l 
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RUN AUMBER 1S 14 
LCCATICAN ALMEER LS zeal 
ACTIVITY S50. i ul Linu 
24259222370E 08 ~13593273350t 06 e 
4227 bSCSCE US ~1382891680L 06 sh 
~2CESII2560E Ub ~7876159NC0i O% 3 
~2L72822B84CE U8 »1U1712089U0c U6 )3 
~135819895CE G9 ~269384775Ut U6 2 
~13594ECO5CE C ~27640723808 Ge 2 
~23$9€5332CE 09 ~45556C464Ci 06 A 
~33555€6530t U9 ~4607636080t U6 l 
RUN NUMBER IS 15 
LCCATICA NUMGER LS 4.1 
ACTIVIIY Se. GOLLY 
~53C977025CE Uf ~1532575130t Uo 4 
~53122€4C40E G8 ~1572364C40k C6 14 
~238976549CE 08 S1OS1 Mie otmn c 3 
~2416932026E U8 ~1084305790t 06 13 
21527343410ReC: ~2728049190E 06 32 
~142783364CE C9 »279828630Ck Ce 2 
~3€CI7TEZTICE GY -4674376320t C6 I 
~359965941K0E GY ~4783066740t U6 l 
RUN AUNBER IS le 
LCCATICN ALMEER TS 3.2 
ACTIVLIY Sele bOLLNO 
29589557140E C2 ~170201465GE 06 4 
~£55236168CE Cd _ 4173992825Ci 06 34 
»25973C3240E 08 -1216992790t Go 3 
-2616535330E 08 ~12529C8290t U6 i 
~1827242090E 69 ~3417220970t 06 )2 
~16CE6524580E 09 ~3484325660i 06 2 
-46€17493C0E 09 -57950586COL 06 n 
24640551430E C9 (25926659100c 06 I 
RUN NUMEER IS 17 
LCCATICN NUMBER IS 4.2 
ACTLVLTY Sui0 FULLNC 
~524€28S74CE 08 -1493524270L 06 4 
~524367555CE 08 2153155C230E 06 14 
~2367241410ce G8 -105837680CE 06 3 
~23E9I1S971CE O8 ~1090651810c 06 13 
~141338€870E C9. (2273121416Ck C6 32 
~14C253S9CCE 09 ~2790147810t 06 2 
~3616582150E 09 ~4626291020r U6 sl 
~258SCUS55COE C9 -4724044350E Ut I 
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RUN ALMBERK 1S Le 
LCCATICN NUMBER [5S Sait 
ACTIVITY Sci es P Lnic 
~5C237C379CE O08 ~129236754CE O06 4 
oS97T7T7TISY4CE 08 ~1319437990L 06 34 
e227 2)2 so Ssce OF ~-897242C990E O05 3 
02<2063S964CE 08 oG1772018d40r 05 3 
ets alee oc e- C9 o214458C710t G6 92 
~113589604CE C9 ©220519520U0L ut ? 
o252724E2CCE C9 © 3666415140" Oo +1 
©291075444CE 69 -374727990GE U6 l 
RUN NLMBER 1S 19 
LCCATICN NUMBER 1S 6.1 
BET Y¥ Sails EGON 
©4852767000E UF <1 1920778 0C ics 4 
04813245980F U8 1208657320086 )4 
@ZLLCOSTBGCE CH ©8266033230E G5 3 
20SO0E4S5ECE Cu ©8439305640F O05 33 
~-SC41CC1340E 08 ~-18062C37T00F Vo ? 
~-717694513CE C8 _ ~1470762640L 06 Z 
o2CS75220SCE CY -2916L17900b Us AA 
e2311119670F C9 231423365604 OF l 
RUN NUMBER LS 20 
LCCATICN ALPEER IS 5.2 
ACTIV EN Y Sai FOLLY 
251C434B51CE C8 ~1432123030L U6 4 
~5C7TC2448490E CB -1403989140L. Go y4 
© 22€503254CE 8 ~[CCO9B3080E U6 4 
o22767T6S9HOE OF ~-1029391000i C6 94 
~1166654970E O09 2411602560 06 Q? 
eli7?C48E1L8OE Cy -2477470030t. 0b ? 
~29E6441B10E CY -4C78439660E 06 WI 
eeiese ses | 0r 02 -4179233310t 06 1 
RUN NUMBER IS 21 
LCCATICN NUMBER [5 Go2 
ACTIVITY : Sue FULLNG 
~-226702254CE Ox 2 7532342890t O05 4 
o22519C341CE CB ~7700176460t O05 34 
oS77Z64B80ECE C7 22150065490r C5 3 
etT5U712520E 07 252784C606U0E 05 a 
~418463408CE 08 ~L125809080L 06 je 
~-422039C4E70E C8 21159790540t 06 Z 
el@73394681CE CI ~19039532020t U6 i 


sl Ci 2o2S2ZICE 09 et I5TECTIGCE OG l 
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RUN NUMBER IS 22 
LCCATICN ALMEER IS hes | 

ACTIVITY Gastie br TLNC 
265621 siciee. Cu ~7353646480L U5 4 
~2C2S97T1E6CE 08 © 7T51141034CE 05 4 
e858 7T4G10ECE 07 ~4927858180F 05 3 
~864937819CE C7 ~5072534680' C5 4 
2218565174CE C8 21019681370E U6 12 
~218216234CE vs ~1045345310i 06 2 
~§115455C8CE 08 ~1720248570t 06 1 
~UCIC5SE599UE 08 21701551530 O06 ! 

RUN NUMBER IS 23 
LECATICN ALMBER IS del 

ACTIVITY SeDe FOTILNG 
~19622ET4UCE 8 ~82892138090F Ud 4 
~1962932680E 08 ~85C3841230t 05 94 
~831C02071GE 07 25052662930 U> 3 
~825C4661CUE C7 257757678300 C5 73 
~252259142LE U8 ~1637857420E 06 42 
~25103228S5CE U8 21061943420. 06 zZ 
©6445665350E 08 2175057C250L U6 41 
~6369457410E 08 ~1764841040t G6 1 

RUN NUMBER IS 24 
LCCATICN NUMRER IS a? 

ACTIVITY S.Ue FOTUNO 
o2C5848129CE 08 ~7261510190¢e Ud 4 
~2C6208322CE U4 -7454746730E 05 34 
~678448493CE CT 24975149140 U5 3 
~87522476SCE C7 ~5C92735360E 05 13 
©22552C597CE 04 ~1015936140r © 12 
~325937453CE CH ~1042728920E U6 2 
-8264770540E 08 .17134345306 06 1 
~£293S9C93CE LB ~1758294880E 06 ! 

RUN NUMBER IS 25 
LCCATICN NUMBER IS 8.2 

ACTIVITY Sane FUILNL 
~2C14427110E U8 ~709G17299CE U5 4 
~2U311L66080E U8 2 73122212Z2GE C5 14 
~2364429540E CT -47886734001 C5 ; 
~€453C57550E C7 -493748642CE 05 93 
~-254680S5CCE C8 688553213300 05 32 
~2547377190E 08 ~900411346UEL 05 2 
~6473548330t 06 21492179400L 06 v1 
-€45112E340E U8 ~1527781410E 66 1 





- 84q- 


RUN NUMBER IS 26 
LCGATICN NUMHEX IS 9.1 
ACTA LT Y Ses FULEUN 
©-19422C999GE U8 stelOS L777 CE US 4 
©19267C548CE 08 «12515250808 05 j4 
©802524223GE O07 -4Y0H466130E 05 3 
0412562629CE C7 °496259046101 C5 3 
©2152694940E 08 ©8271096640F 05 42 
°2152098240E O08 8442624H6RBGE 05 2 
-SOCMimeecor C8 ©1397793490F Uo 21 
«h5C0F1S23CE O28 © 1433662456: 06 I 
RUN NUMBER IS Bal 
LOCATION NUMBER 1S eal 
ACTIVITY SoG FOIUNG 
©1S5C1252CCE us © 9430252760t 05 4 
©1931869660E C8 °3626673010t 05 94 
~-7T99802668CE C7 ©639C655040E 05 3 
-80S76SS73CE O07 ©699440152CE Od 43 
-1836983240E U8 ~1029320140E U6 Wo 
~15C621S590E Cf ©-1046718920+ O06 7 
©46232286HNCE C8 ~ 1708631080: U6 JI 
-457S13957CE 08 ~-174415886Ct Co l 
RUN NUMBER IS 28 
LCCATION NUMHEER IS a2 
ACT EVITY S.o)s fiir 
~2CC431605CE 08 © 8698442210i 05 4 
~1S84CC48CCE CB ~8876379280£ Ub 94 
~-818468362CE C? -5831S3764CL 05 3 
©6328526540E U7 ©60337386470t C5 d3 
©2193268910E CB ~1063440270L Oo dz 
@21554C7638CE Cea ~1029732300E 06 2 
©-557906C240E C8 ~1690515610F 06 1 
-55354671950E 08 ~172716217206 06 l 
NUMBER 1S 29 
LCCATICN NUMBER IS lene 2 
AG [aah YY Ss FuUltL wu 
~1914692390E U8 ot TIVOZASLOL 205 4 
~L8R8E533160E O08 -79449C7T690E 05 4G 
~f815BE2A7CE O7 ©5214052€50E 05 3 
-7837847620E C7 ©5354715360E 09 D3 
al7554920 7et eis e6259150160t Cd Je 
~ 1746737 TCE Oe -8444660600t 05 é 
©4515946292CE 68 ~-1401419210F Co TI 
4481764 24CE 08 ~-1431421040E U6 l 





RUN AUMBER IS 30 
LCCATICN AULMBER IS 


ACTIVITY 
~2837689510E Oa 
©2847514590E 08 


o11722241COE 08 


ell72117380t 08 
elL&YS@9S4870E 08 
eL9O1C738680E 04 
-49C6876530E 08 


°4889956410F O08 


RUN NUMBER IS 31 
LCCATICN NUMBER IS 


REMRRUMBER IS° °° 32. ~~ 


ACTIVITY 
©3C0S78173CCE U8 
2 3127425980E 08 
~125907819CE 08 
-127281557CE C8 
o24E2738710E C8 
©247506531CE 08 
©6348196040E 08 
26342227830E 08 


LCCATICN NUMBER IS 


ACTIVITY 

~286395S7C0r 08 
+2847227490E 08 
~1164481960E 08 
~116309598CE C8 
~1915C8444CE 08 
~1931359710t 08 
-4937283540E 08 
©490433052CE O8 


RUN NUMBER IS a5 
LCCATICN NUMBER IS 


AC TWEY PIY 
e2919819CS0E 08 
«205999501 90ES Us 
e12C00C2C413CE 08 
e1185843950E O08 


e2282801770E O08 
207 T3Z21356CE US 
©5850158S20E 08 


»230272S54CE 08 


Pel 


12.2 


lle2 





ical sie: 
e1C057773500E 06 


_21086893040t 06 


-7133532360t U5 
73157384208 05 
~9647401L420E 05 
99259487506 05 
~ 16240813900 v6 
-1662981130F U6 


Sou. 

-1069351480t C6 
21162142760t 06 
~7L19119310t U5 
-7341754950E U5 
-1054234850c 06 
~1084078070E U6 
~1787224690E 06 
218323175Z20E C6 


Sei. 
©8225016370t O05 


2 B41 1646630E 09_ 


eS51E2128320E 05 
©5650292630E 05 
745609432CE 05 
-76805921E0E 05 
eL259L71060F O06 


21287163770E 06 


S.O. 

+B8T967S0900E U5 
©8991425930F O05 
-59216COLlL60E 05 
-6036568800E 05 


~86279656700 05- 
~B8B611279750£ 05 





1451491340 06 
©1485295140i 06 


-&S- 


FOTLNG 
94 


33 
w2 


i} 


FOILNO 
& 
44 
3 
73 
ae 
Z 
I] 
l 


FLILNC 
4 
4 
3 
d3 
V2 
2 
31 
l 


FULILNG 
4 
IG 
4 
23 
92 
2 
91 
l 





ee et 


RUN NUMBER IS 34 
LCCATICN NUM@ER IS 14.1 

ACTIVITY Sei fOLLNOU 
o27CHS41040E UB © 7966124930t 05 4 
©27C6148S2CE O08 ©81674C5940t 05 I4 
~-107985549CE 03 09 246841080E 05 3 
elO8E0S14K0E 08 ©567794434GE 05 3 
~1262059150t 08 ©58497C3550E 05 92 
~125641684CE 08 ©59B6467740L O04 Z 
© 22447111S5SCE O08 ©1C009267050c U6 1 
o321E784370E 08 ©1030734760r 06 l 

RUN NUMBER IS 35 
LCCATICN NUMBER IS Ie ot 
\ 

FONE enn Sa FULLNO 
~2666362CCOE OS © 737945042Ut 05 4 
-26581842CCE OF -7597T486740E 05 96 
~1C6557268CE Us ~48667E56600t O05 3 
~1C708C5240E O08 ©5024763270EF 05 3 
21532076240E O08 -6190976420c Od a2 
©1532259539CE C8 ©6349649130E Ud Z 
2 393802396CE Ca -105037876Cc 06 1 
©39405269SCE 08 ©1077725320% 06 l 

RUN NUMBER IS 36 
LCCATION NUMGER IS 13.2 

ACTIV Y Sais fulbL vu 
~-2H87T7TBESCCE 08 -9843387060t Ud a 
~2873186430E C8 ~L0C6075380F 06 34 
eLlG67CO4CCE O08 -6546474510r O65 3 
»lLl6287C9CCE 08 -6697005250r 05 23 
~1658420090E G8 -8670359630t U5 2? 
-1649413030E C8 26868452900E 05 ? 
-41S780146CE 08 ~-1456069770t 06 1 
o42C7T75718CE 08 ~1495331320t 06 I 

RUN NUMEER IS a7 
LCCATICN NUMBER IS 14.2 

ACTIVITY ; FAD FOILNO 
-26€8397923CE UB -7786718530E 05 4 
-26€S255C83CE 08 -7999879640i Od 34 
-1C87551190E O8 -5188235490f O05 3 
~1C091233450E O8 -5330642610t O05 3 
2127628311CE 08 -588893473UE G5 92 
~127543844CE 08 -6038292940t Ud 2 
~325109686CE O08 -1003611390« U6 4 


~3263902Z1860E 08 10314181 70£ O06 1 





-8S7- 





RUN NUMBER IS 3u 
LCCATICN NUMBER 1S 15.1 
ACTIVITY Seiba tOTLNG 
~256371C540E 08 ~9343735270t 05 4 
~255495123CE 08 -9567696520— 05 14 
~1011969560E O08 -6148411850E 05 3 
-1C191L47660E CB -6328400890£ 05 }3 
~97T2624197CE O07 26326688450t Od }2 
©96242541CCE O ~645371004CE Ud ? 
-2482934310E Ob -1069803050F Cb iL 
~251035202CE O08 ~1163411440c 06 l 
RUN NUMBER IS 39 
LCCATICN NUMBER IS 15.2 
ACTIVITY Seis FUILNG 
°2526972740E 08 »7226128380t Od 4 
~2521817190E O08 ~7406417500F Od 14 
~1C19302220E 0x -4840993580r Ud 3 
~1CC724SO10E Gt -4935657150F 05 )3 
S763352720E C7 °4984417250e 05 }2 
©9732156240t U7 -51046121710e U5 2 
~2515749740E C68 ~8429923870f U5 ‘1 
°245790368CE U8 ~8615919940r U5 1 
RUN NUMBER IS 40 
LCCATICON ACMBER IS lem 
ACTIVITY eee FOTLNG 
~263484748CE CB ~1028489350E U6 4 
-3€25080840E O08 _ -1053508790L Us 14 
~149318952CE C8 -6915731280t Od 3 
~15C875€29CL O08 ~7130670840t O05 )3 
~276404183CE 086 ~9FLIOOKSILOL US 92 
~-2762657T99U0E O08 ~10L7169COOF 06 2 
~7112447760E 08 ~16542CO750E Go #1 
©7134782550E 08 — __ 41699345480. Co 1 
RUN NUMBER IS 41 
LCCATIUN NUMBER IS ieee 
ACTIVITY Se Ue FOTLNO 
~-342504419CE 08 ~9653720250E O05 4 
» 3436935020E O08 -9919303870t 05 14 
~1387630380E O08 ~6473449460E 05 3 
~13947278COE O08 ~6656900040r Ud )3 
°2522012660E U8 ~ .9162054880E 05 12 
22506412110t 08 ~9368472240t 05 2 
~64C1LE0664CE U8 -15685C3060E 06 1 
-6424451170k 08 ~16116826901 66 ! 





-88- 





RUN NUMBER IS 42 
LCCATION AUMBER IS (ee2 P 
ACTIVITY Sieh Fulind 
-3658611210E U8 ~1033505940L 06 4 
- 3639560930E OF -105729734UE Uo Y4 
-149045253CE CO -69239541B80F 05 3 
~15C9401180E O08 -7147301800t 05 23 
~2871145190E Ob ~1018886370c 06 92 
© 2872616050E Ck ~1045375860E 06 2 
-741860963CE G8 21723018360t Ob iI 
~7449380750E O08 ~1770938480t U6 1 
RUN NUMBER IS 44 
LCCATICN ALMBER IS Rice Pe 
een lay Clay, a —— Sats FOLTLNG 
-284405821CE 08 -1076636070L 06 eo 
~38148CE11CE U8 -11C0076020E 06 it 
-14416855SCe 08 ~664L103770E 05 3 
-146250627CE U8 -6861247120t O05 94 
0 2562406340E GH -3395753070t 05 12 
o256488814CE 087 ~— ©9642232060E Cd 2 
~6€578139510E UB 21577282860: 06 a 
26€557367290E 08 ~1615198360r Co 1 
RUN NUMEER IS 45 
LCCATICN NUMBER 1S ce Pp 
ACTIVITY Cbs tGLLNOU 
-3532190S470E O08 ~1COC3201Y0L Uo 4 
-35261626SCE U8 210252C67570% Co 34 
-148205796CE C& — ©6795643120t Ud 3 
~1482599260E 08 -6971632610t 05 Q3 
©346242262CE 08 ~1C8215914UE 06 y2 
-2406049230E 08 -1110605890t 06 2 
-4462761850E 08 ~1850517480C 06 jt 
~878951E16CE 08 ~1889973780t 06 l 
RUN NUMBER Is 46 
LCCATICN ALMEER 1S 152°P 
ACTIVITY So. FOLLNO 
-3489S96670E Os -1689024550E 06 4 
©345724217CE C8 ~l1L11756870E 06 94 
-14445C398CE OB © 74764592140t 0d 3 
~1442168150E Cb -7662331980t C5 33 
-32319352CCE O08 ~1190700590E 06 ‘32 
31ST RG ser CkeCe~ ~1213563070t 06 2 
-6353465270E 08 -2019767200L Co i1 
et 269B8C5EOCE 0b ~2073685220L G6 I 





RUN AUVMBER IS 
LCCATICN NUPEER IS 


ACTIVEITY 
e359107196CE 
- 35758771 30E 


~ 15810548 70E 


© 15592C6060c 
«-CBUCTIEIS3SCE 
e€847491560E 
0 172325374Get 
© 173292446CE 


RUN NUMBER [SS 
LCCATION NUMBER IS 


ACTIVITY 
~-1L48587491CE 
-15C0985S5560E 
60245371 30F 
elLlLEO2E54S0E 
elellé6é8S71CE 
ol S7UsoTo2Ce 
© 3534828759CE 
e400 PESe3agcce’ 


RUN NUMBER IS 


LCCATION 


NUMBER —S 


ACTIVITY 
etoi2aco cl SUL 
1410133270 
e€22054T22GE 
©614324S570E 
elLILCI5S671IOE 
el1CSG5S894270E 
26594862 3CE 
- 265265 368CE 


RUN NUMBER IS 
LCCATICN NUMBER IS 


ACTIVITY 
© 1732074200E 
~lel889E350E 
« (S2ZE835860E 
© 77387537CCE 


~1318317670E 


-1322629370t 
22 s0 seo Ee 
~32958373CCt 


4l 


C8 
U8 
08 


Oe 
Ue 
O09 
og 


4% 


49 


U7 
Ci 
Cé 
C6 


Ct 


Q7 
C7? 
C7 


2.1™ 


ea Oe 
«98616713 570E 
-1009361830C 
-6889663750Fr 
© 7/017543910t 
1520039640! 
© 15567 567606 
e220 12 oo Ul 
«26164989 10E 


Sue 
~1926623110E 
-1989760130E 
21287592250t 
2 1851545570e 
02427047430 
- 21317333300 
- 36276124 70E 
-3975286740c 


Se 
~14329S56610E 
-1517940550t 


~1CC79I2140E 


© 1023590620t 
© 1449578790t 
0 147422311Ce 
©2392634540e 
246381441 2CE 


Se ee 
~1907760460c 
~-1L88S627210E 
eL3J08301L640E 
e-1319830260E 
- 18211865006 
1867494780E 
«3126397155201 
~-318874023CE 


05 
66 
05 
05 
06 
06 
06 
06 


O5 
05 
O5 


O05 
05 
05 
OD 


- 89- 


FOILNG 
L 
IG 
3 
13 
32 
2 
dl 
l 


FOPLNC 
é 
dG 
3 
93 

Vi 

eZ 

1 

! 


FOITLNA 

G 
WS 
3 
a 
2 
2 
31 
l 


FUOLLNC 
z 
IGS 
3 
93 
92 
Z 
91 
l 





-9o- 





RUN NUMEER IS 51 
LCCATICN NUMBER IS 2020 
ACTIVITY Sa. Cult 
~1364016550E C7 ©1552824620L 05 t 
elL35401915CE 07 © 1585302550E O5 94 
°-6€26843683CE 06 -10790G2290L 05 5 
et2C54590K0E O06 ~LO9BlLS2330£ OS 34 
© 1104435780E UT -169352950Ut O05 2 
~113946127CE C7 ~17634831L90E O05 2 
~282820466CE C7 ©26365121408 Od at 
©28560511C0E G7 e271L66C1L15Ct O5 l 
RUN NUMBER IS 52 
LCCATICN NUMBER IS 3.1 M 
AG IIVisly i Sule tUITLNG 
~13776C5550E G7 ~1562537840E Ud 4 
© 13555778CCE O7 ~1587889470c O05 94 
©571359C750E 06 -1019796360F 05 3 
©5975468750E 06 ~LO696C9OLLOLE U5 3 
oat) ale ee 01412662660 05 j2 
“250 7092653CE C6 ~1419586800:% 05 2 
©231641499GE 7 ~23850L6810i U5 I 
©23256055960E 07 © 2451352570t G5 l 
RUN ALMEER IS 53 
LCCATILN NUMBER IS Bel M 
ACTIVITY Sei (UILNG 
© LO5456L04CE C7 ~123715473VE O05 4 
~1CE69686CCE O07 © 1275544740F 05 a4 
-4221499590E 06 2 7881365560E 04 3 
04272283240E 06 ~§8115994930t 04 3 
@4555S9C1L3CE 06 ~8597736220t 04 92 
©45C9725120E 06 ~8743981790E 04 Z 
~LCA8LIDSTLOE O7 ~1447044870L O05 71 
al LZ JOD Oscr C7 ©1512513210t O65 l 
RUN NUMBER IS 54 
LCCATICN NUMBER IS 3.2 M 
ACTIVITY 5. Dis FOLLNG 
01236€308710F O7 © 1463522850E 05 4 
~126€292C230E O07 © 1516535850E Ob yh 
-5491468160E 06 ~-9919121930t 04 3 
~532768CLICE Cb ©997TIOSILOOE 04 93 
o89EB81527CCE 06 __-« 1357409450L 05 }2 
-£877334B90E 06 © 138236671L0F 05 2 
~22C6795920E O07 222802634800t U5 mt 
e218H47677CE C7 02327245100E O5 l 





- Gi - 


RUN ALMBER IS 55 
LCCATICN NUMBER IS &e2M 
ACTIVITY Sai fF ULLNL 
~ 1G 26397 7C0E (07 ©129561349Gt U5 4 
~1C007955340E O07 ©1317842020t O05 4 
04253240P20E C6 °8445888530t U4 3 
-408467654CE O06 ©84404231601 04 3 
~-46E24154HCE 06 <J UPTO 2 Cre G4 2 
~-4546027030E Go -39365/288300 04 2 
~1153211460E O7 1599831990 Od 1 
elIC948C69CE C? ~ 1605247960! 05 l 
RUN NUMBER IS 56 
LCCATIUN NUMBER IS Tha 
RETIVITY S<Da FOILNO 
s1CO22782506 O07 -1379398100F Od 4 
«1CS26386427CE. 07 ~1392180450i 6S 34 
~-45474CG15CE C6 ©8989362260E 04 3 
© 435965237CE Ch -9062385110t U4 13 
© 4865424530E Co 9791 74B8000t U4 WZ 
°494352S2CCCE 06 ~1COdd84610L O05 2 
eL2SCle5G10c U7 ~1727725230E 05 yl 
~125660423CE C7 01774093320f Cs 1 
RUN NUMBER IS 57 
LCCATICN AULMBER IS Jel M 
ACTIVITY Sib rOLLNO 
~987C12C730£ U6 ~-128793C580F Od 4 
~ (OSA TSCE U7 © 133/402140t Od 94 
-37S55E376CE U4 -7966422960t 4 3 
-3817974030E O6 -816597193Ct C4 93 
© 355591 7T990E UO ~-8505875310F U4 Jin 
~-41405734CCE Co -4923566630t 04 2 
slG29E65SC ECE C7 -1518466470r 05 j1 
©584694205CE 06 eel SlAASO200' 05 1 
RUN NUMBER IS 58 
LCCATICN NUMBER IS 7020 
ACTIVITY 5.1. Full 
~109447319CE C7 ~1337012030E O05 4 
~-1C&24S943CE C7 ~1362092530E O05 34 
~4395CCTLGOE Ce 245570123900 04 3 
©-4574184080E 06 -89590082730F U4 ao 
4944911110E Cé ©9593182420t 04 Je 
46373491 7CE Cé -94020C/430E 04 2 
~121824236CE O07 ~1638067770c O05 V1 


e117304C46CE G7 ~-16446826/70t 0% l 





RUN NUMBER IS 
LCCATICN NUMRER IS 


ACTIVITY 
© 103214325CE 
~i1C81&E5SSCE 


(242254 994C0E & 


©416439C3C0E 
i006 LOI 0c 
e4CE01LCG24CE 
el1C1L3727810¢ 
aDECE 1369506 


RUN NUMEER IS 
EGCATICON WUPRBER? TS 


ACTIVITY 
ol @25659 93CE 
so 4 2259291 0E 
e 3824669150E 
esCS4SullS0e 
a2 Geb oS OS1CE 


2 IGECUOTECOE 


IoC IIIA S0E 
avod sa0C O90E 


RLN NUMBER IS 
LCCATICN NUMBER IS 


ACTIVITY 
-979719839CE 
~952€883540E 
© 37445E€605CE 
~3894348BK10E 
» 2E468ESSICE 
~3€177285COE 
«8972249320E 
~$53470572CE 


60 


Gul 


06 
O& 
U6 
Cé 
06 
U6 


Cé 


lo. i ™M 


1U.2M 


$.0. 
- 1373994 360E 
-14430278t0t 
-882957287CE 
89979108401 
-68129C3010t 
2 3241846270t 
-1583756370¢ 
-1616384680t 


Sue 
eL329082860E 
e1303187440¢ 
-8128399990t 
-8144970980t 
«85588380608 
«8890668300 
© 1480295670t 
« LS20U3 950705 


Sie Dis 
2 1226471690L 
~1238039470¢e 
- 7583016150e 
© 7926221560E 
-805996C 300% 
-7943860210t 
-1349706460C 
-1428C29760E 


05 


O4 
G4 
O4 
C4 
05 
O05 


Od 
O05 
04 


04 
04 
05 
O5 


CS 
U5 
C4 
04 
U4 
O04 
05 
G5 


-9G?- 


tOILNG 
i 
I4 
3 
43 
de 
Z 
i] 
l 


FOTLNC 
4 
4 
3 
34 
92 
Z 
i) 
l 


FUILNO 
4 
IS 
3 
93 
92 
2 
i] 
l 





Bl 


Ba. 


D2 


Bl 


H2 


M2 


M3 


Pl 


iG 3 aes 
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